
,

Calibration of  tlIC Microwave:  l,imll  SOUI~d[:r  011 t]lc:
.

lJp])cr Atmos])l]o]c  Itc!seardl  Satellite!

l{ol)(’r’t 1“. .Iarnot, ,10(” w’.  Wtltcrs
let l’rq)ulsirm l.al)o]atory, MS 183-701

4800 Oal{ G Iov(’ 1 )r’iw
l’asadcna,[;A 91109-8099 USA

‘1’:818.354.5204,  F:818.393.50G5,  lthflail: jarl)otKOI[llsI: ic.j])l.llas:i. p,o\
‘J’:818,354.3025, 11’:818.393,5065,  I; Mail: joctl])llsrzlc.  jl)l.l)as~~.  ~)c)~’

(;01[1011 1’;. l’(!(’lihiill]
l’llysics lkq)t., ll(:]iot-\Vi~tt lll)ivcrsity

l{i(wwton,  Cmric
12cli]ll~t11glll;1)14  4AS, SCoLla11d

T: 011.44.31.449.511  ], Eh[ail: l)ccl~llal~~{lal~  aclls.])lly.ll}~’  .ac.llli

AIJSTRACW

‘1’his paper describes pre-lauuch radiometric  aud spectral cali-
brations  of the hficrowavc I,imb  Soullder  (h41,S)  011 the UppcI
Atmosphere. Research Satellite (UAIM). LJsc of ill-flight  data for
vtdiclatiol]  or rcfiuemcnt  of calibration is desc.ribcd.  The rxti  -
matcd ul!ccrtaiuty  iu calibrated raciiaucc  from  prelaunch radio-
mct!  ic al]d sl]cctral cal ibrat ion data is  Iwttm  thau  2Yi0  ill m o s t
l,a]lds.

IN1’ILODUCT’ION

‘11)[ MIS on board NASA’s  LJppm Atmosphmc Rcwarcli  Satel-
]itt is  L!lc filst itl~])lel]~cl)tatiol~  o f  atmos]]hcl  ic  iimh  souudiug
floul  space  using  II]icrowaves. h[l,S was Iauucl,lcd o]) Scq,temlIcI
12, 1991, I)ccomiug  folly opcratioual  withiu  2 weeks of lauuch.
‘J’lic h41, S is a passive iostrume])t  sensing tllc]mal emissiou  in 6
Ijal)ds  ~~itl] radioloctcrs  ccmterwd  n e a r  63, 1 8 3  and  2 0 5  GIIz.
1’1 imary mrasuremcmts  are s tratospheric  profi les  of  CIO,  03,

1 Izo,  tcllll)clalure, and FOV  tangeut })ressulc  w,l]ich p r o v i d e s
I,l)r pointing  refcrcmcr=.  Acfditioual  products iliclucfc 11 N03, vol-
canically (I[]haucccl  SOZ, uppet t r o p o s p h e r i c  Ifj O, and  geopo
tc]ltial I]cigl)t.  All data arc routinely aoalymci  ar)d processrxl  to
produc(,  daily maps of all rctricwccl  quantities within 2 clays of
clata  acquisi t ion.  ‘1’llis papcv  summarims  Iadicrulc[ric  aud spec-
tral calil)lations.  I’O\/ calibrations arc dcscrilml  iu a cotnpauion
paper  ((~oficld,  1994). Complotc details of all h41, S ca!ibratic,lls
arc give,,  i,, tt,c h41S C a l i b r a t i o n  Report (.]arnot,  et al, 1991).

INS’J’RUMI;N’I’

‘J’l]t  \IIS instrumf.mt  i s  d e s c r i b e d  ill (Ilarath,  et al, 1993),
aud tlIc mcasurcvncmt  tcclluiquc iu (Waters, I 993). I’able 1 lists
its sl)cctl  al bands alicl primary Incas  urcmcuts.

‘1’Al\l/l ] MIS S;)cchd ~Jands and }’ril])(lly Afcasurc7ncnt.  f.
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‘IIIIC MI,S  radiol)letcrs  operate Iloll-switched, aud i ts  FOV
stcl~-sc.ans tl]c  atmosl)hcric  Iiml) e v e r y  65,536  s. Each  Iiulb sc.all

cm!sists  of 32 lnillor  framm of duration 2.048 s. I’hc first w1.8  s
of cacll  miller frame is used for sig,r]al integration aud digitiza-
t ion,  the rcmail~illg  tilnc I,ring avai lable for  movcumlt of lhc
antcwua  aud/or switching mirror. A l l  mcasurcum]ts  arc n]adc
sil]lultancoosly  all{{ colltiuuously, and  t h e  bands arc allaly~~d
by 6 identical 15-cllanllrl  filter bauks,  “cac.h  of -500 hfllz bancl  -
wicltll.  C h a n n e l  widtl]s  I allgc  })rog,rcssivc]y froln  2 Mllz at band
cc!ltc]  to 128 htllz it hand ccfgcs,  ]Jlovidiug  g o o d  rcsollltiol]  of
s])(,ctral  fraturcs as  the }“OV scaus  frun~ -90 km taugcut Ilcigllt
dowl] to tllc lllicl-trc~l>osl)llcrc.

1LA1)Ioh41:rl’ItlC~ C: AI, TIII{ATION

hll,S drkctors  arc opc]a~(d at a low rf powcI  Icvd  to provide
a lineal  rdatioushi~] Lctwcc]]  Cl IaIIIICl output  ancl input  rarliauce,
as i l lustrated il] J;i.gtlrc 1
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I’ig,  urc  1 :  I,incdl [clatiolls]iil,  I,t,twccll  couots and radi;illcc.

A switcllinp,  n~ilror  silll[lltal~,c,llslj di)ccts  the lFOVS of all ra-
diolllctcls  to tl]r Iilnl),  s}]acc  ot illtcr[lal  c.alibratiol]  t a rge t  pe l t s
‘1’IIc  output, of cllanl]cl  i is giv(,]]  I)y:

(:,x = rJ(7/:  }; i ( 1 T/,x );:J’ ) + C: -1 CA’ (1)
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\vl)(’1’(.,  fol tllc  alltc’l)lla:

P; is tlIc ull]]]ic Iosh

v;’ i< tlIc scan, clinp,  10ss
j;,! is illc rdiatiol] oflscl

)SA i s  tllc  racliallcc  scattcrecf  i]]lo tl]c  lilol) ],ort

I’1<,-lal[llcll I’(JV  calil)lationh ]Jlf,\icl~, p:, l/~ aIICl 7 / ,x  f(,l ctirlI

Irit(liol)lct(v

[))-/? (9}1{  l’Odl  0111 Ctl’lC  C(7/7b7Ylt1C111

I{outillc  ill-flig,llt ,gaiu calibration  plovicfm  gL, allcl i s  pcr-
[01 I,lcd (\c’lJ’ (I), i). I s‘ r  “I( l,y r o t a t i n g  tilt switching nlirror  so tlla~
{Iic l;()\[ of all radio  mrtrrs is di[cctcd lowa  Ids aII illtcl  nal am
I)i(lll la Ip,(l f,)! OII, lllillol  [Ialll(,, al](l t o  III(, Sl)a ((, 1)(111  fol Ilv(,

miuul  f[anlcs.

AI] cstimiit( of rl]al~l)el ~aiu  tit tllc  tin~(, o f  caiil)ratiol]s,  g,,
is obt,ail]cd  fIom:

‘1’IIc  cslil]latccl  slmcc  r(fcrcl]cc coul  Its, (C~~),  al  LII( Lill]c  of gain
calilll  a(ion  vimvs, is pIovicfcd  by q u a d r a t i c  intcrpolatioo  ovcl
all 11 majol frame willclow (55 space views) ccwlcrcd  about the
talget flalnc. ‘1’llc eslimatf.’  of gain  at tllc Lil[}c of cacli  ]inlb vicwv,
( g , ) ,  i s  oblail,cd by quadratic intcrpolatio!l  me, all 11 m a j o r
frame  window  as for tllc s p a c e  view, iutcrpolatioo. Sul,stitutin~
( 3 )  in (1)  }Vt,mc X mr,csponds  to the Iimh I,o,t F,ivcs:

‘1’hc Iinlb Idcfiancc  obtaioccl  from (2) is:

. . )1 7/,~)/J,Al:A  , (5)

WIICICI (4) is usc.d for ;:

Addifionol  ~WC-kU7LCh  rwdio7T1rtric  cahbralion
111 acldition  to dctcl  [Ilillatiou  of llIc c.aliblatiol]  para IIIctcIs  above,
iukroal talgct cmissivity aod cmd-to-mld  systcm lineari ty vmc
t]masut  cd. ‘1’alget mnissivity,  0.999S  01 bet ter  iu all bands,  w a s
detcrmillwf by conll]aring  tllc ref lected })oivcr from  a silver Icf-
C,ICIICC l)latc  tc) tllfit  floll]  tllc talgct  usil]g (Jll[lll  (Iiodcs  as sig, r)al
SOUICCS.  ‘1’1!0 tafg,ct  is a wrctge coated  w i t h  irol]-lcmdcd  c}, oxy
pyra]nids, tlIc [Jyla[oid  size a n d  s}~acing I)(illg  clloscll  t o  a v o i d
cliffr  aclion  Iobcs in tl]e  frcquel)cy  range  cok,clcd by MIJS. ‘1’ar.get
tcmpcratule  is Ino[iitotcd  by a netwol  k of 10 platinum Icsistancc
scIIsoIs  emIJcddcd  ill tlIc c])oxy coating.

l,iurarity w a s  Illcasumd  l,y sl~itching,  bctwcco  tllc iotcvllal
amhicilt caliblatiou  talgct  and a  s imi l a r  extcrllal onc  attac}led
tc) the space port,  ‘1’he cxtcvnal  target iuclodml  heaters to allow
i t s  tc~ln})eratule  t o  bc IJrccisrly  coutrollmf,  at}d Ly Incasutillg
systcln out})ut  as a functiou of target tcl]]l)c]atulcs,  cod-twcl]d
systclll  Iillearity  was sl]ow[l to I)e better than O.l[YO. Iodc})clldcllt

tests  00 the filtcl  banks  indicate tllcir uon-lillcality  to bc hrttcr
than 0,05’% over tl]ri[  fill] Cfynanlic range,

‘1’al,le 2 shhlvs  tl)r scao pattcrll w h i c h  h a s  I,ccn used fo] tlic
majorily  clf [1112 mission.  and indicaks  tl]c no]]]il]al  Ldn,  geot  alti-
tude of  cacl] lIoll~ view ‘1’l]e earth’s oblatclims  is cotnlmosated
by means of Ieal-time commancls  flom  the sparcc]  aft wl]ich al-
lo\vs target tallgcol.  IIcigl]ts  to be tracked wit}! d a i l y  v a r i a t i o n s
o f  a fcw I]ulldlc[l  Il]clcls  1 [1)s.
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Inslrumcl](  wrfolmallce  is o}onitolcd  olIcc per  orbit  by l c -“ .
d~lcil]~ tlIc gfiills o f  tl)c si,gllal cllaills  to tllcil  ulllllloa, approxi  -
nl~tf,ly  40 dl~ I)clow [I]ci[ Ilonlillal  s[,ttillgs.  fo] 2 miool  f r a m e s .
‘1’llis allows  illfclcl~(c  o f  systcil]  t(m])c[a(lll(,  al] i]]dicatot o f
flout-cod  Iadiolnet(r noise III addit ion,  the X2 statistic for
Lli< f i t  I]rtw(,cu  il]tcrl>olatcd  a]ld actllal s})acc  view counts i s
toulillcly  calculated fo[ a l l  cliant)cls  lIy tllc grou[)d  plocessitig
so ftwal  c’, l~[ovidi[]g a col]ti]luous  IIIcasu Ic of systcn]  stability.

S1)IC2’I{A1,  CA I, I1IRATION

‘l’lie  rcsl)otIsc  of radiolmtci  CIIa IIIICl  i is pro])  oltiollat  to tlIc

[ac{ianc(  /y ol)lai[l(d by in[cg,ld[irlg,  t h e  Iadiation  incidco(  011
[III Slvitrllillp,  Inil]ol o\,eI aIlglc aIId fr(xlllcocy  w i t h  w e i g h t i n g
fullctiol]s  (;, (v, fl,fj)  aucl }~(i,) wl]icll Clcscribe tile augular  aocf
fr(qlIcIlcy  scllsili\,  ity of ll)c [cccivcl:

j: , _’
J!

;~(l), o,{)) fi; (u)(.,‘ (v, o, C/)) (10 (/1,. (6)
4n  ,1 [1 “
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(:/1(71111(1  Shrpf
(k,nsidcuiag  ol,ly  a sillglc  siclcbaocl,  tllc c a l i b r a t e d  si.gllal racli-

a[Ifc,  !, is ,qivcil  by:

i , J /(1/) /’’()dl,l,
J /“(1/)rif/

(7)

\YIIc,I(,  /,’ i s  tl]c {,l]d.[cjcncl  cllal][)cl f]cq(lcl]ry  icsl~{)f]sc,  / i s  tl]f,

illp(l[ Iadial}cc,  and  the il)[cg[als  alc cvaloatcd ovcl ll]c full  fl(-
(I(ICIICS  l~llgc  o v e r  \V])i  C}) l})mc is sig,l]ificalll  sig[,al  aud  i!lstl[l.
olcat  Tcspol]sr.  MIS s})cctrolnctcls usc [,(;  f i l t e r s  iu tt!c ootcl
(32 to ]2s Mllz, widll))  cl,au,]cls,  and  SAW filters i,, LIIC oarro,vcl

CC IILCI (2 to lfi hf}lz  w i d t h )  cha[]uels,  I’hr SA\Y filtcls have  ou -
I]I(,IOUS )illl]lcs  ill tllcir l>assl>ailds, aud all cl)til)l]rls  ~cal] I];ivc
ill)pl(cial)lc  a tmospheric  racliaucc  variation acloss  tllcil  width,
rcq(ii[ illg a l l  rhauucls to bc ci]al actcriscd with  scvel al IIllncircd
sl)cctlal IJoillts.

[;ncl-lo-cad  sweeps usiug  a syotllcsized fuudamculal  source
\vith  a (~csium refcrcncc  proviclccl f,’(u) iu tl]c bload o u t e r  cllam
nrls of all  l)auds,  srnd iu 1)0111 sidcl>allds  of tllc racliolllctcrs,  ‘1’lic
soufcc  was cou})lcd  into  tllc radiometer optically via a rnirrol
0]1 the sl)ace  [Jolt,  (;lla[ll]cl  ,gai[l aurl offset  caliblatioll  were it]-
terlca\,cd  with  si,goal  [ncasurrnlcl)t  usiog  tl]c sw,it,chiug m i r r o r ,
and  source oot])ut was monitored coutiouously duriog the c.oorse
of  a  s\vccl) via p o w e r  mrtcts  built ioto  tile tl al)suliltc~  out]~ot
\~avcg,uidc. All source  aud iustl umeot opcratioa, and data ac-
qu i s i t i on ,  WCIC coml)utcr controllccl, ‘1’tlc Ilarlow  (<16 MIIZ)
CCI)LCI cllaooels  w e r e  cllaractcrizcd  by swccpillg,  the sl)cctrolne-
tcls dilcctly  \vitll  a  lo\vcr frcqucucy  syathcsizcl ‘1’hc adcqoacy
of tllcse  data was vcrifred  by comparison of cllallue]  sllapcs  mca-
st]](d cljcl-tcj-cljd allcl for tl]c  s p e c t r o m e t e r s  alol~c for -32 M}Iz
I,road  cl)aoucls.  Jigulc  (’2) sho~vs cxamplm of L(; aocl SAW fil-
LCI c}lat~]lrl rcspouscs  m e a s u r e d  througl]  the cutirc h41,S sigual
}Jatll,

‘1’IIc  fundaumltal  source was also used  to l)rvform  a broacl
(170 to 210 (;117)  sweep to verify the lack of ullwaotcd *CSIJOOSCS
in this ral]gc  for radio lnctmrs 2 aod  3,

I{clattt,c  sidrhaud  vatzo

‘1’l]c clifTcvmtial radiomctric  c a l i b r a t i o n  count, Ac,fl,,  is givcu
al~p]oximatcly  by:

Accol  = (Ifgt - JWf)(%,g + g:m ) / F(,/)d,/ (8)

WIICIC  ll~t aud 1,,, alc tllc calibrsttioll  aucl  refcrcocc  t a r g e t  ra-

diances, ‘~,i~ and g, ,,, arc tlIC  signal  aud  image  frrqur-ucy  gains
c)f tllr lccci\,cl, },~(v)  the Ilor[nalised  frequency respoosc of the
[eccivcl  iu chanuel  I, and  tllc integrat ion is  pcrfo]rllcd  over all
fl((lllcl)cim  over  \f}iicll tl)c  inst[uownt Ilas a rcs[)ollsc,

Fo] baods  2 t h r o u g h  6 of hlI,S the primaly  atll)osl,ilcric sig-
I)als o f  iutclcst OCCUI  i]] ouc  sidcbaud,  and  all atnwsl,llciic  sig-
nal I(IJ)  in tl]c sigl~al siclcbaud  geocratcs  a  sigoal  coul)t,  AC,, O,
\\!ll(v (,:

Ac,,q  = q.,,J 1(1/) F’(1/)dl/ (9)

a!ld LI)C il]fcrlcd  l,CVCI  1  sigoal  radiallcc,  l~,g, is  gi\,c!j by:

01 cqui\,al(,lltly

(lo)

Ctlan[lc,l  1

:~’’’”””””!”! ’10
041

I0 0

I 50

0.8 I

0 2

0 0 . ,

I’iF,Lllc 2: Mc.asurcd  1,(; (ul]l)cr)  slid  SAW) f i l t e r  c.haoncd rc-

s~)clusc’s, Vcltical a x e s  a r e  Iillcar  (solid  Iioc)  al]d Io,g,aritljlllic
(dasl)ccl  Iioc)  Icspoi,scs.

‘1’l)us, \vlIcI] 7 w], a~l u n c e r t a i n t y  o f  a  factol t in kr]o\vlcctgt  o f
7 Icwds  to al) ul]ccrtaiuty  of  a  facto!  o f  al]~)loxirnatcly  $ iu tl]c
iatcl[)lctatioo  of tllc si,gllal radiaocc.

l{{lativc  sidcballd lcs},oljscs  of tllc ladiometc[s  w e r e  Illcasurcd
using  all C.xtcrllal sca[loillg  l“al>ry-}’6[ut iutcrfcrolnctcr  as a tuuc-
able  fil[er wllilc  switcllil)g bctwcm  v i e w s  t o  a m b i e n t  and I,NZ
cuolcd  calihratioll  t a r g e t s , A siulilar  l~ail of talgcls  viewed cli-
Icctly plovidcd }~(riodic gaia calil)ratioll,  ‘1’llc coln])utcl  coutrol-
lil,~ hfI,S  a l s o  opelatcd  tllc n~ecllaoisols  for switctlirlg  bctwccu
\,icv,s o f  LI)C foul  tsilgcts,  al~d fol varying  tllc 1,’abry-l’{rot  grid
sl)acillg. G r i d  spaciug w a s  stcj)l,ed over tl,c ra.11.gcs  10 t o  l;]
and  ;30 t o  33 mill  ill stcl]s  o f  0,01 olrn t o  allow  a l l  cll;io])cls  i])
a l l  I)allds of tllc ladionlctcts  2 a[ld :1 (c, [)( s~vcl)t  tllroug,ll  a t
!c’ast fo~ir c)[dcls  o f  tllc }’al)ly-}’;rot.  I{csil]ts  f[oln  llIC SWCC]I o f
a  12s hlllz \\iclc  clial)llcl  iu l)alld  4 i s  sltowl~ in f4’i~.ulc 3. a!ld. .
l’i~ot, .1 $I)(jw,s  lncasulcd  (rloss,s) [(lfilivc siclcl,alld  Icsl)orlsc  ill
I)allds  2 ttllollgll 4.

S}stc[llatic  clrors ill tljc diffcrcllccs  l~ctwccll m e a s u r e d  a[ld
calculated [Jat]ry-1’dmt  transmissions were usrd to estimate t,hc
errors  ill calibrated radiallcc,  arnoulltillg to -0.6(70  iu bands 2 to
4, ar id --2Y0 ill barld  5. ‘J’llc collcsl~c,odirlg  uacc[taioty i u  L a u d
6 w a s  cstinlatcd a t  4 %  ill barld  6, CIUC to Iinlitatic)os  i[nl)oscd
by tl)c []AI IOM ( < ’ 2 0 0  hlllz) sl)arirlK  o f  tl]c  signal  al,ci iula,gc
si[lcl)allds
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Ij)c ,llaY  rcwr itc tllc factor which  cootaius the sidcbaud gains  as

i:, , tvllcrc  ) is tlic latio of  iolag,c to si,gllal sidebal)cl  rcspoose.
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.(\(Ial II IiIIOI f’Ia II)(+  !villl 11, c rwolill~, I)alll 10  .pa,( I,k,ck,xl I,y
111[, s\vitcllilJg, rllillor.  A  skill  dcljtl)  (aud  I)mlcc  hall(l)  dcpcndcil(

1 I
13 135

(Idta.  V(lli(at

axis  is rclalivc  l]aus]nission,  hurizo[ltat  axis is grid  sqmration  if]

111111.  I)asl  Icd linrs al(,  (-alrulatcd  Ics})oosr, a f t e r  fittil]g  t o  11)(
111(,  tistllclllcl)ts.

1
1 , 1 1 r

0 9

I

08

d’

-/

-4
}7+.;

07
-(2’4 *–.-– ,

B+

* --a-z ,
06

+ -8=”–-’ -~
I

0 5 I 1. 1 ..-.-!...
500 1000 h5’oo :000 2500 30100 3500

I’ip,l]lc  4: hlI,S lclativc  sidrl,allcJ  r e s p o n s e  it) I)al,ds  2 Ll, Iougl  I 4.
(~losscs  arc mcasurt,  n~cnts,  cu] \,c, is fit used  iu data l)loccssi[jg.

I’()\/ calil]ration  iucludcs:

●

●

●

●

AI)tcII]Ia  fal-field 1’OV, ncc(,ssary  fo] [elating  CIbscl  vcd all
l{~l]na radia[lcc t o  actual  Iilllll ladial]cc,

}{aclio]]]ctc]  -to-raclio]]lctcl  boresigllt  angle Cliff  crrl]ccs,  si]lc(
the 6:3 G}Iz racliomctcr  }lrovides  poilltiog  data for all hal)ds.

Ih’le[rnioation  of a]lt(lllla  scattmiog, l o s s  and  (lllissivity
ill all bands,

I’;sti,llatioll  of tllc bafllc  lral]snlissions  for tlic lIIICC o,ifi((s
v i e w e d  I)y tiIc switctlin,g  m i r r o r ,

I’l)csc  topics,  togctllcl witl]  Lllc use of in-fligl!t  data fo] calil,  !a -
tio]i  Iefil]c]])cl)t,  a r c  cliscossccl ill a compdniotl  }Ja]Jc[  (op ci/).

lN-OI{lllrl’  I)ATA

‘1’IIc c a l i b r a t i o n  pl]iloso],l)y  for MI,S  \vas that all calil)ratiolls
l,c I,(,lfof I])cd Lcforc  launcl], witl]  valid  atio!l  aod  l~ossil~lc  nlillol

rcfillrll]rnt,  frolll  imolljit data.

‘1’clnpclaturc  gradicots  ill Lllc II]atrlial  o f ’  tllc illt(l[lal  cali
I,latioll  target WCIC al]licil)atr(l  floln  tllc results of gloutid lcsts,
‘1’llcsc  \vclc  cl]alactc[isd  ca[ly io tllc nlission  w i t h  t e s t s  \vl]iclj
cx])oscd  tl]c  surfac.c  of tllc talgcl to space via tllc l imb ~)olt fol
valving Ic]lgtlis  of tilnc, and  tl]cll  obscrvil]e target r a d i a n c e  fol

. .
l(,~,ail]cd tllminal cquililjliulo, lJU( at Such a low I(;CI (<0.5”(;

ill .IIL\ I)al)(l)  :IS 10 illlIj:lll  Il(y,lip,illk, t,llt)l  ill [a(li(]lllt$tlit. .~:iilt
t al]l]lali(][j.

‘1’1)( iitlllosl)ll(li(” slp,nals in CA(II  sidcl)fi]ld  o f  I,a[l(ls 4, ~) a[]d
2[ i  I,ccf)lll(  ol)ticall,y  (Iiicli a a[ difTcr([lt  tallplc[lt  allitudrs. and

11)(s[ {Iala I)lovidr  a tmt of sidcl]al)cl  [ilti(~ citlil)rat,  ion IIy cl]oos-
il}p, data srls fo[ whirll  tl]c ~itInosl~hcIr  w a s  ckm to isotlwim a],
I( \\,as folllld that si(l(l]a[]d  calilllaliol)s  iiljl)C<llCd to I)c C o l l e c t ,
11111  ltlIal 1{:1 lI(,II(fil(xl  slif,l]ll)  f’,[)111 a  [(vis((l alialysis  of (1,(
I)lc-laut)cl]  calibration ddta,

Acruratc  }Jrc-laul)[l]  calil)lation  i s  oll[y l]scfu]  i f  Iollg-tclnl
systcl]l  stal]ility i s  su(-l) ll)at dlifts ill ins[lulllcnt  cllaraclcr  is-

tic~ ovcI tllc I]]issioll  Ii fctimc  d o  I]c)t a d d  sigliificallt  aclditiol]al
(1101.  ‘1’IIc dIIl(IIIIa slid Iadiolliltc[  ol)tics  wc[t lcsl(,d  by n](,:i-
sulillg Lcato  pattc[lls hcfore  and aftcl vil)latio[l  testing. All
f r e q u e n c y  SCJUICCS witl]ill  t}lc iust!  unimlt  a[c }IIIMC locked to a
Iliglily  stal)lc  qualtz Inastm  osc i l l a t o r , I,oog-tc{  [Ii stal,ility  of
tl]e sl)cctronlctcl filtcls \vas vclificd  by I)(,lfol[llirlp, life t e s t s  a t
clcvatcd  oljrlati[ig t(lll~]craturcs,  aod l~y vil~ldtio[i  lcsts.

I{(ldtivc  si(l(l]d]l(l  Ialio was f(,(]l]d 10 I,c illscllsitivc  t o  tenl-
},cvatulr a]]d local  osci l lator  drivr Ic\rcls  fol tllr variat ions ex-
l)crtc(l  over IIlissiol] Iifc. SCl,sitivity  to mixc]  l,ifis w a s  fou]i(l t o
ilc Sip,llifiC~lll, [)(; llli X(! b i a s  i s  COlltrOl]Cd dilKtly  I,y ground
(OII)Ii]:Lti(l)  ii[i(l 1{1’ I)ias is colitlol](d ill(lir(,clly  tl!loilgl)  g,loill]d
cc]l)trol  of I]]ulti]]iic] I)ias voltage, allow  i!lg co]lll~ellsatioll  for a.gc-
it]~, of tl]c (;UTIII d i o d e  osciliatols.  h41,  S ]I]ixc]s arc  olwratcd  in
flip,l]l  at tl]ril ~,r(>u]](l  t e s t  I>ias  Icv[ls.

A cc)rllj)rcl[cllsit,(,, accurate  and llip,ll-rcsc]l~ltic])l srt of cngi  -
[iccl ing dala arc  tocasli]  (d  c\fcry  m i n u t e  tu II]orlitor  i[jstr ulncnt.
ol~clatio)].  ‘J’llrse  data, togctl)cl  with d e r i v e d  IJcrfo)ltlallcc  })a-
Ial,,Ctc,s (e.g.  cllal,l,cl  gair, a]]d st,alility),  Iialc l,CCI closc]y
I]lonitor ccl for tllc dltratio]] clf tlIc I]lissic,ll,  aljd 110 sigl]jficallt

cl Iangc or tlcl]d lids I)c(l)  ol~scl \,cd ill a n y  paralncler 01 cllarac-
tmistic, a}mlt frolil tllc failule of tllc 1S3 (;1[7 Ioixcl after 1S
l[l(Jlltlls,  its Ilolnil]at ol]rlatiol]al  life.

I{d(lia[lcc lcwid,]als,  tile diflcl(l)c(s Lc(wccll  Ol)s(vvl!( I spcc-
tla :i]ld t}]osr c,xj)cct(,(l  f]om  tllc rctl icvrd  data, arc c a l c u l a t e d

loutillcl,y  to mollito)  tl]c l)clfo[]nallc(,  of tllc lctli(,val softkv are,
‘1’llesc alc Ilig,lll! s(,llsitivc  t o  c[lo]s  ill cfilil)ratio]l  ])arall]ctcrs
sucl] as ct]ali]]cl })ositio[l,  sl]al)c  al]d si(lcba[ld  Iatio,  Ovclall raclio-
mctlic calib]atiol!,  ali(l I’OV }]aralnctc!s  sucli  as bar]cl-to-baod
I,orcsip,llt  ktloiflr(lg(,  Study of t,l]mc residuals, and  results fron)
tl]( hJl, S data validation) })lor,raln)  ill(licatc  110 siF, oifical~t crrols
in ])rc-laullcli  illstlul]]vllt  calibratio[ls,  a[ld I]o disccroahlc cllangc
ill ally caliblatioll  l>a]al]]ct(,l

C; ON CI,lJSIONS

l{adiol]](tlj( calil,lati(,l] acct]]ticy  aljl)cals lU 1)(,  bcttc] tllali
MI(X ill all lIal I(ls, \vi(l)  sil)lilal  cII(,Is  arisi]]p,  ill II](Ist I,al]ds  f r o m

sl)fcllosml)i(  calil,ldtio  [l.

‘1’IIc  hll,S lIaS  d(:[l~ullstrate(l  tllc vial) ility  of I[licrowavc  Iilo[j
s[jullclinf, floll~ Io)v I<;artll orl,  it,  Ilavillp  so far llrcJ\,icf[>d ovcl two


